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Abstract  –  In this work, we propose a mechanism to steer and tailor surface plasmon propagation 
by using graded index concepts. In this approach, a block of dielectric with fixed thickness is 
placed on top of a semi-infinite metal. The beam steerers are then designed by simply changing 
the height of the dielectric in the direction perpendicular to the propagation axis. The analytical 
design is presented and several structures are evaluated with the ability to steer the incoming 
surface plasmons at any desired output angle.  
I. INTRODUCTION
Surface plasmons (SPs) are surface waves which propagate along the interface between a dielectric and a 
conductor. They are evanescently confined in the direction perpendicular to the propagation axis [1], [2]. Their 
excitation is directly related to the dispersive permittivity of metals at nanometer scaled wavelengths (optical 
regime). SPs have been extensively studied because of the great opportunities they open in different fields such as 
sensors, waveguides and focusing devices [3]–[5], nanoantennas [6], [7], plasmonic nanoparticles for solar cells 
[8] and nanolithography [9], to name a few. Within this context, an interesting research field is to deflect and
change the direction of propagation of SPs at will [10].
Inspired by the unlimited opportunities offered by SPs and the need to arbitrary controlling their direction of 
propagation, in this communication a mechanism to steer SPs by applying the graded index (GRIN) technique is 
studied [11], [12]. In the proposed method, a dielectric block (Si3N4) is placed on top of a semi-infinite gold (Au) 
substrate. The design of the GRIN-SP steerers is based on the effective refractive index (neff) produced in the region 
where the dielectric is present (air-Si3N4-Au). As it will be shown, the neff can be tuned by simply changing the 
height of the dielectric (along the direction perpendicular to the propagation axis). Several designs are presented 
for different output angles and their performance is compared with common prisms made by changing the profile 
of the dielectric along the propagation direction [13]. 
II. DESIGN: EFFECTIVE MEDIUM
To begin with, the schematic representation of the proposed GRIN-SP steerer is shown in Fig. 1a. It consists of 
a Si3N4 block with varying dimension ly and fixed thickness lz placed on top of a semi-infinite Au metal. As it is 





2 )⁄ ]1/2  with k0 as the wave number in free-space and n0 and nAu as the refractive index in
vacuum and Au, respectively. For the region with the dielectric, b_eff can be calculated using the following 
transcendental equation [14]: 
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with 𝜀𝑖 and 𝑘𝑖 = (b_eff2−𝜀𝑖𝑘0
2)1/2 are the permittivity in each medium and wavenumber, respectively. The
subscript i = 1, 2 and Au represent the different media (air, dielectric and metal, respectively). Finally, the neff for 
each region (Air-Au and Air-Si3N4-Au) can be calculated by neffa,b = a,b_eff/k0. The analytical results using (1) of 
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the Re{neff,b} at the design wavelength of λ0 = 633 nm as a function of the height of the dielectric (ly) are shown in 
Fig. 1c. As observed Re{neff,b} can be changed by simply changing the dimension ly, as expected in agreement 
with [4]. Now, the design of the GRIN-SP steerers can be easily done by using ray tracing [13], [15]. In this 
context, each position of the dielectric along the x axis should introduce a phase delay [defined as Δφ(x) = mod(0lz 
+ a_effxsinθ,2π) where mod is the modulo operator, 0 and a are the propagation constant at the rightmost position 
and outside the dielectric (Air-Au region) and θ is the output angle. Finally, by combining this equation with (1) 
the dimension ly at each location along the x axis can be obtained.  
 
 
Fig. 1. Schematic representation of the proposed GRIN-SP steerers: (a) Perspective and (b) top view. (c) Analytical results 
of the effective refractive index for the region where the dielectric is present as a function of the dimension ly. 
 
 
III. RESULTS AND DISCUSSION 
 
Let us now evaluate the response of the proposed GRIN-SP steerers. Here, the structures are desiged with an 
output angle of θ = 10o and θ = 30o. By using (1) and Δφ(x), the calculated dimensions ly along the x axis for both 
output angles are shown as black symbols in Fig. 2a,d. The numerical results of the x component of the magnetic 
field (Hx) are shown in Fig. 2b,e. As observed, a clear steering of the incoming SP’s is obtained. Other angles and 
designs at different wavelengths will also be presented during the conference.  
 
 
Fig. 2. Dimensions ly (black symbols) and lz (blue symbols) for the designs with (a) θ = 10o and (d) θ = 30o. Numerical 
results of the magnetic field distribution on the xz plane for the designs with (b,c) θ = 10o and (e,f) θ = 30o. The designs 




13th International Congress on Artificial Materials for Novel Wave Phenomena – Metamaterials 2019 
Rome, Italy, Sept. 16th – Sept. 21st, 2019 
These GRIN-SP steerers are designed by changing ly while fixing lz, however, it is also interesting to compare 
the results for designs where the ly is fixed while lz is varied, i.e., simple prisms. The dimensions lz for both output 
angles are shown as blue symbols in Fig. 2a,d along with the numerical results of the Hx distribution on the xz 
plane in Fig. 2 c,f, respectively. As observed, SPs are deflected at the designed output angles. However, as it will 
be demonstrated during the conference, the performance is deteriorated for these designs when larger angles (θ > 
60°) are considered (details about power efficiency at each output angle will also be provided during the 
conference). This is because of the diffraction produced by the grating generated by the profile of the dielectric 





In this communication, a mechanism to tailor the propagation direction of SPs has been proposed using GRIN 
concepts. The GRIN-SP steerers were designed by exploiting the effective refractive index produced when a piece 
of dielectric is sandwiched in between of two semi-infinite media. It has been shown how this effective index can 
be controlled by simply modifying the dimension of the dielectric in the direction perpendicular to the optical axis. 
Several designs have been presented considering different output angles demonstrating their ability to arbitrary 
control SP propagation direction at will. The technique here proposed may be implemented in applications where 








[1] S. a Maier, “Chapter 2 SURFACE PLASMON POLARITONS AT METAL/INSULATOR INTERFACES,” Plasmon. 
Fundam. Appl., vol. 0, 2007. 
[2] J. B. Pendry, P. A. Huidobro, Y. Luo, and E. Galiffi, “Compacted dimensions and singular plasmonic surfaces,” Science 
(80-. )., vol. 358, no. 6365, pp. 915–917, 2017. 
[3] Z. Liu, J. M. Steele, W. Srituravanich, Y. Pikus, C. Sun, and X. Zhang, “Focusing surface plasmons with a plasmonic 
lens,” Nano Lett., vol. 5, no. 9, pp. 1726–1729, 2005. 
[4] V. Pacheco-Peña, I. V Minin, O. V Minin, and M. Beruete, “Comprehensive analysis of photonic nanojets in 3D dielectric 
cuboids excited by surface plasmons,” Ann. Phys., vol. 528, no. 9–10, pp. 684–692, Oct. 2016. 
[5] V. Pacheco-Peña, I. V Minin, O. V Minin, and M. Beruete, “Increasing Surface Plasmons Propagation via Photonic 
Nanojets with periodically spaced 3D dielectric cuboids,” Photonics, vol. 3, no. 10, pp. 1–7, 2016. 
[6] V. Pacheco-Peña, M. Beruete, A. I. Fernández-Domínguez, Y. Luo, and M. Navarro-Cía, “Description of bow-tie 
nanoantennas excited by localized emitters using conformal transformation,” ACS Photonics, vol. 3, no. 7, pp. 1223–
1232, 2016. 
[7] V. Pacheco-Peña, A. I. Fernández-Domínguez, Y. Luo, M. Beruete, and M. Navarro-Cía, “Aluminum Nanotripods for 
Light-Matter Coupling Robust to Nanoemitter Orientation,” Laser Photon. Rev., vol. 1700051, p. 1700051, 2017. 
[8] H. A. Atwater and A. Polman, “Plasmonics for improved photovoltaic devices,” Nat. Mater., vol. 9, pp. 205–213, 2010. 
[9] S. Kawata, Y. Inouye, and P. Verma, “Plasmonics for near-field nano-imaging and superlensing,” Nat. Photonics, vol. 3, 
no. 7, pp. 388–394, 2009. 
[10] W. Liu, “Controllable Steering and Tuning of Surface Plasmons on the Metallic Nano-film with Nanoslits Array,” 
Plasmonics, vol. 13, no. 3, pp. 915–919, 2018. 
[11] O. Paul, B. Reinhard, B. Krolla, and M. Rahm, “Gradient Index Metamaterial Based on Slot Elements,” pp. 5–8, 2010. 
[12] V. Pacheco-Peña, V. Torres, M. Beruete, M. Navarro-Cía, and N. Engheta, “ϵ -near-zero (ENZ) graded index quasi-
optical devices: steering and splitting millimeter waves,” J. Opt., vol. 16, no. 9, p. 094009, Sep. 2014. 
[13] V. Pacheco-Peña and M. Beruete, “Steering surface plasmons with a graded index dielectric medium,” J. Phys. D. Appl. 
Phys., vol. 51, no. 485101, pp. 1–7, 2018. 
[14] V. Pacheco-Peña, “Metamaterials and plasmonics applied to devices based on periodic structures at high frequencies: 
microwaves, terahertz and optical range,” Public University of Navarra, 2016. 
[15] V. Pacheco-Peña, N. Engheta, S. Kuznetsov, A. Gentselev, and M. Beruete, “Experimental Realization of an Epsilon-
Near-Zero Graded-Index Metalens at Terahertz Frequencies,” Phys. Rev. Appl., vol. 8, no. 3, p. 034036, Sep. 2017. 
 
